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1571 ABSTRAff 
A method for enhancing supercritical fluid extraction of 
sample matrices which contain water. The method in- 
volves mixing the samples with an extraction enhancing 
aid comprising flux-calcined diatomaceous earth which 
increases the permeability of the sample in a supercriti- 
cal fluid and controls water during the extraction procc- 
dure. 
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SUPERCRITICAL FLUID EXTRACTIOS 
ENHANCER 

TECHNICAL FlELD 

The present invention relates to supercritical fluid 
extraction of soluble materials from sample matrices. 
More particularly, the present invention relates to a 
method of enhancing supercritical fluid extraction. 

BACKGROUND ART 

Supercritical fluids are finding wide acceptance in a 
number of analytical disciplines as unique solvation 
media. By far, the largest number of app!ica!ion: occur 
in the field of chromatography, where these dense gases 
are employed as extraction solvents and interactive 
mobile phases. 

Historically, supercritical fluid chromatography has 
its origins in the mid-19605, while its extraction ana- 
logue has only recently seen application in the field of 
analytical chemistry. 

Supercritical fluid extraction is a technique whereby 
organic compounds can be extracted from sample ma- 
trices utilizing a dense carbon dioxide gas. The solva- 
tion’power of carbon dioxide is increased as the pres- 
sure and temperature are increased above their critical 
points which are 1070 psi. and 31’ C: respectively. 

U.S. Pat. Nos. 4,816,159 and 4.880,543 to Khosah et al 
disclose supercritical fluid chromatography methods 
which utilize specific packing materials. The packing 
materials disclosed in these patents are selected from 
metal oxide/hydroxide support materials having phos- 
phorous-containing organic molecules bonded to reac- 
tive sites on the support materials. 

U.S. Pat. Nos. 4.547,292 to Zarchy: 4,770,780 to Mo- 
ses; 4,824,570 to Bethuel et al; 4.877.530 to Moses; and 
lnternational Patent No. WO 85/04816 each disclose 
various processes or systems useful for practicing ex- 
traction utilizing supercritical flu&. 

U.S. Pat. No. 4.898,673 to Rice et al discloses a dy- 
namic supercritical fluid extraction system wherein 
solid samples are circulated in a mixture of carbon diox- 
ide. This patent notes that liquid samples may be ex- 
tracted in the dynamic system by absorbing the liquid 
samples on a solid carrier such as diatomaceous earth. 

A number of articles authored or coauthored by one 
pf the present inventors which discuss extraction meth- 
ods that utilize supercritical fluids include the foliow- 
ing: 

Favati et al, “Supercritical Ca Extraction of Caro- 
tene and Lutein from Leaf Protein Concentrates”, J. 
Food Science, Vol. 53. No. 5, pp. 1532-1536 (1988). 

King, “Fundamentals and Applications of Supercriti- 
cal Fluid Extraction in Chromatographic Science”, J. 
Chromarographic Science, Vol. 27 pp. 355-364 (1989). 

King et al, “Extraction of Fat Tissue from Meat 
Products with Supercritical Carbon Dioxide”. J. Agri- 
cul~urol dr Food Chemistry, Vol. 37. No. 4 pp. 951-954 
(1989). 

In the above, previous work by one of the present 
inventors it was found that lipids were completely solu- 
ble in supercritical carbon dioxide at 5 liter/min., 
10,000 psi and 80’ C. These conditions allowed a signifi- 
cant amount of lipids to be extracted from fatty foods in 
a reasonable time. 

It was further discovered that u*ater interferes with 
the supercritical carbon dioxide extraction of lipids 
from fatty foods. Complete extraction of lipids from 

moist fatry ~CUIS was achieved after drying the fatty 
foods over nigh! in a forced air o\‘en at 50’ C. This 
technique worked well but was time consuming and had 
the potential for losing volatile components such as 

5 pesticides which may be contained in the lipids. 
The present invention is an improvement over previ- 

ous supercritical fluid extraction methods and provides 
for enhancement of extraction utilizing supercritical 
fluids. 

IO 
DISCLOSURE OF THE INVENTION 

It is accordingly one object of the present invention 
to provide a method of preparing a sample for supcrcrit- 
ica! Buid extraction. 

IS Another object of the present inventionis to provide 
a method increasing the permeability of a sample and 
controlling moisture in a sample so as to enhance ex- . 
traction thereof by supercritical fluid extraction. 

20 
A further object of the present invention is to provide 

an improved method of supercritical lluid extraction. 
A further object of the present invention is to provide 

an improved method oi supercritical carbon dioxide 
extraction. 

A still further object of the present invention is to 
2s provide an improved method of extracting volatile 

components from samples containing fats and moisture 
by supercritical extraction. 

According to the present invention there is provided 
3. a method of preparing a sample for supercritical fluid 

extraction which comprises: 
mixing a sample with an extraction enhancing aid 

which increases the permeability of the sample to a 
supercritical extraction solvent and which adsorbs 

35 water from the sample: and 
retaining the sample mixed with the extraction en- 

hancing aid in an extraction column. 
The present invention further provides for a super- 

critical extraction process which comprises: 
40 mixing a sample with an extraction enhancing aid 

which increases the permeability of the sample to a 
supercritical extraction solvent and which adsorbs 
water from the sample; 

retaining the sample mixed with the extraction en- 
45 hancing aid in an extraction column; and .- 

passing a supercritical fluid through the sample and 
the extraction enhancing aid in the extraction column. 

BRIEF DESCRIPTION OF DRAWINGS 

so The present invention will now be described with 
reference to the accompanying drawing which is given 
by way of a non-limiting example only, in which: 

FIG. 1 is a schematic cross-sectional view of an ex- 
traction column loaded with a sample mixture accord- 

5: ing to the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention relates to a method of prepar- 
60 ing samples for extraction by super.critical fluids.. Ac- 

cording to the present invention, a sample is dispersed 
in an extraction enhancer which comprises a pelletized 
or granular diatomaceous earth IO form a free flowing 
mixture which is loaded into an extraction column. 

65 Mixing the sample with the granular diatomaceous 
earth increases the permeability of the sample and helps 
control water which interferes with the supercritical 
fluid extraction. 
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Preparing the sample for supercritical fluid extraction 
by mixin it with granular diatomaceous earth has been 
discovered IO eliminate problems caused by moisture in 
both fatty and nonfatty samples. such as foods. 

The method of preparing a sample for supercritical 
fluid extraction involves mixing the sample in an appro- 
priate amount of the extraction enhancer, i.e., diatoma- 
ceous earth, at ambient or room temperature to form a 
free-flowing mixture. The free-flowing mixture is cre- 
ated when excessive moisture in the sample is adsorbed 
into the porous extraction enhancer. In this regard, the 
extraction enhancer, i.e. diatomaceous earth, has the 
ability to adsorb twice its weight of water. 

The free-flowing mixture of sample and extraction 
enhancer may be easily poured into an extraction col- 
umn, thus creating a homogenous permeable extraction 
bed. This bed can then be efliciently extracted by super- 
critical carbon dioxide without channeling because the 
moisture from the sample combines on the large surface 
area of the extraction enhancer thus increasing the in- 
teraction between the sample and the supercritical car- 
bon dioxide. This method of sample preparation mini- 
mizes the loss of volatile compounds and is quick and 
easy. 

It has been discovered that samples which contain up 
to about 95 percent water to samples which are essen- 
tially pure lipophilic oil (containing essentially no wa- 
ter) can be efftciently extracted with supercritical car- 
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bon dioxide utilizin8 the sample preparation method of 30 
the present invention. 

The supercritical extraction method of the present 
invention may be utilized in conjunction with any ex- 
traction column designed for use with high pressure, 
supercritical fluids. A particular system utilized by the 
present inventors is described in: Favati et al. “Super- 
critical CO? Extraction of Carotene and Lutein from 
Leaf Protein Concetrates”, J. Food Science. Vol. 53,. 
No. 5, pp. 1532-l 536 (1988); King. “Fundamentals and 
Applications of Supercritical Fluid Extraction in Chro- 
matographic Science”, 1. Chromarographic Science Vol. 

3s 

40 

27 pp. 355-364 (1989); and King et al. *‘Extraction of 
Fat Tissue from Meat Products with Supercritical Car- 
bon Dioxide”. J. Agrikufrural & Food Chemirq, Vol. 
37, No. 4 pp. 951-954 (1989), each specifically incorpo- 4s 
rated by reference in regard to the extraction system. 

The general procedure for practicing the method of 
the present invention will now be described with refer- 
ence to FIG. 1. About 29 grams of sample is first 
weighed and placed in a suitable container such as a 500 H, 
ml beaker. About 13 grams of sieved, granular or pellet- 
ized diatomaceous earth (Chem Tube-Hydromatrix 
Material; Analytichem International, Habor City, 
Calif.) is added to the sample and mixed until the result- 5: 
ing mixture is homogeneous. A suitable sieve size is 
about 30 mesh. The mixture 1 is added to the extraction 
column 5 containing glass wool 2 in the bottom. The 
mixture may be settled in the extraction column 5 by 
tapping the extraction column on a solid surface such as 60 
a work bench. 

An additional II grams of diatomaceous earth 3 is 
added to the top of the extraction column 5 and settled 
to help trap any water that may migrate during extrac- 
tion. The additional diatomaceous earth added to the 65 
top of the extraction column may first be added to the 
original mixing container to wash out any remaining 
sample if desired. 

I 

i 

i 

4 
Glass wool 4 is added to the lop of the extraction 

:olumn 5 10 retain the sample mixture and’the column is 
uadp for supcrcritical carbon dioxide extraction. 

In a general procedure utilized in the followin exam- 
ples. supercritical carbon extraction was conducted at 
lO.ooO psi with the column heated in an extraction oven 
it a temperature of 80’ C. The samples were extracted 
with 100 liters of carbon dioxide at 5 liters/min. The 
amples were collected at atmospheric pressure. The 
sxtraction column consisted of a 45.72 cm high pressure 
Extraction column having a 2.54 cm o.d. and a 1.75 cm 
i.d. 

The fo!!owing exam I-- p8-a Pie pieseiiicd to iiiusirate 
features and characteristics of the present invention 
which is not meant to be considered as being limited 
thereto. In the examples and throughout, percentages 
are given by weight unless otherwise indicated. 

EXAMPLE 1 

In this example a sample of butter fat was fortified 
with organochlorine and organophosphate pes!icides at 
two different levels. Separate portions of the fortified + 
butter fat were mixed with either diatomaceous earth 
(Chem Tube-Hydromatrix Material; Analytichem In- 
ternational, Habor City, Calif.) or glass wool. Each 
mixture was loaded in a supercritical lluid extraction 
column and extracted with supercritical carbon dioxide 
at IO,O@l psi and 80’ C. 

A known portion of the fortified butter fat, the forti- 
fied butter fat extracted from the glass wool, and the 
fortified butter fat extracted from 10 grams of the diato- 
maceous earth were analyzed for pesticide residues 
using existing methodology found in the Pesticide Ana- 
lytical Manual (PAM) Vol. 1. The samples were 
cleaned up by gel permeation chromatography and 
mini-column Florisii before being analyzed for pesticide 
residues using gas chromatography. 

The results of this example are presented in Tables 
I-V, below. 

TABLE I 
PESTICIDE RECOVERIES FROM BUTTER FAT 

Perccn I Recovered 
: Spiking SFE Extrrcred From 

Level No GhS Hydromstrix 
Pcsficide @pm) Extraction wool Material 

Alpha BHC 0.12 88 102 95 
Gamma BHC 0.20 84 80 85 
Hcptrchlor 0.20 92 92 85 
chlorpyriros 0.60 86 88 81 
Hcptachlor Epoxidc 0.40 85 96 82 
Ci Chlordme 0.40 83 90 81 
Diildrin 0.60 87 93 84 
Endrin 0.60 84 90 82 
HCE 0.06 94 94 94 
ppDicofol 1.03 81 86 a2 
Tnnr Chlordrnc 0.20 . 81 91 a4 
Tram Nonachlor 0.x) 84 92 91 
p.pDDT 0.60 92 89 91 
p.r&ethorvchlor 2.00 107 99 98 

TABLE XI 
PESTlClDE RECOVERIES FROM BUTTER FAT 

PaGcidc 

Alpha BHC 
Gamma BHC 
Hcpmchlor 

Pertem Recovered 
Spiking SFE Excrxied From 
LCVCl No GlZiSS Hydromafrix 
@pm) Extracrion wool Material 

0.011 II4 III 93 
0.020 102 106 81 
0.020 91 74 80 
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PESTICIDE RECOVERIES FROhl BCTTER FAT 

Pesticide 

Chlorp)rif\n 
Hcp\xch(or Eporide 
Cis Chlordrne 
Dictdrin 
Endrin 
HCB 
p.~DicorOl 
Tranr Chlordanc 
Tram Nonrch!or 
p.p-DOT 
o.r&ethor\‘chlor 

Pcrccnc Rcm\rred 
Spikinp SFE Extnatd From 5 
LC\Cl F;o Gh Hydromwih 
(ppm) Exlrrction wool htrwriol 

O&O 9i 90 93 
o.wo 102 II7 II 
0040 66 I01 15 
0.W 99 110 96 IO 
0.W 90 66 a5 
O.COb I24 too la, 
0. too 91 92 II4 
0.020 66 69 92 
0.020 9: Sl 91 
O.ObO 64 loo III IS 
0.200 87 II2 100 

TABLE III 
PESTICIDE RECOVERIES FROM BUTTER FAT 20 

Pcsricidc 

Perccm Recovered 
Spiking SFE Extrrcwd From 
LCVCI No Glow H>-dromnw 
tppm) Exlnction KIM1 hbcrirl 

Pent* Cl Benzene 
Penu Cl Thii 
Ankle 
Penta Cl Aniline 
Pcnca Ct Ankle 
Dickan 
TCCilUCW 
Quinlorcnc 
tKPA 
Gcmchlor &oxide 
Endotulki I 
p.p-DDE 
p.p-TDE 
Endorollan It 
EndowIran Sulfaw 

0.04 
O.OR 

d.lO 
0.04 
0.10 
0.06 
0.08 
0.10 
0.20 
0.20 
0.30 
0.40 
0.40 
0.40 

80 93 75 25 
84 69 a9 

96 100 
91 lob 
66 85 
90 as 
90 93 
94 97 
95 IO? 
92 lccl 
90 95 
92 lib 
91 III 
9h 10: 

91 
17 
$4 

30 

If-n 
Qb 

IO! 

35 

TABLE IV 
PESTICIDE RECOVERIES FROM BUlTER FAT 40 

Percem RKOI crcd 
Spiking SFE Eruacwd Frwn 
Level No Glass Hydromalr:r 

Pesticide @pm) Ercraction WooI !.1a:rrul 

Pen11 Cl Bcnzeoe 0.004 79 103 Xl 4s 
Penca Cl Thio OCOS 76 101 ?l 
Anisole 
Penca Cl Aniline 0.010 90 9i 05 
Penn Cl Anisole 0.004 89 96 10% 
Dicloran 0.010 98 90 I!8 
TCCIllZClW 0.006 80 a2 CQ 50 
Quintorcne 0.006 80 116 Q! 
DCPA 0.010 a9 III 9, 
Ocrrchtor Epoxide 0.020 106 117 101 
Endorulf~n 1 0.020 66 97 =! 
p.pDDE 0.030 I08 I04 w 
p.pTDE 0.040 92 102 C! 55 
Endorulfan I1 0.040 69 74 :i 
EndowIran Sullr~e 0.040 94 98 :, 

TABLE V 
t4 

PESTICIDE RECO\‘ERIES FROM t3~‘T-l r R I \ : _- 

Pcrticide 

Diarioon 
Maluhion 
Mclhxl Parathion 
Parathion 

Pcrccn! Rrc...-,-: 
- Spiking SFE 1. (.. , . : -- .- 

Level NO Glav 1, .-..I... 
@pm) Exuaction wool <(. . ‘i 

.- bj 
0.20 80 93 
0.60 88 IO3 . . 

0.40 68 70 I. 
0.40 78 73 “ 

TABLE V-continued 
PESTICIDE RECOVERIES FRO.\1 BrTTER FAT 

kkidc 
WhyI 
Chlorpj%ror 
Zhlorpyrifor 

Dkinon 
Ualrlhion 
&thy! Purthioa 
P.-y-- . . I.. .“,I 
Hcrhyl 
Chlorpyrikx 
Chlorpyrifos 

Pzrccm Recovered 
Spiking SFE Ewuztcd From 
Lcyrl No Cl- H\.drMnrtrix 
(ppml Excrrckn WOnI Mllrrial 
0.40 76 a4 .94 

0.40 99 99 91 
Lower @kg level 

0.02 80 75 71 
0.06 78 72 79 
0.04 73 73 91 
0.04 64 85 90 
0.04 90 #5 (15 

0.04 90 90 90 

The results show that butter fat fortified with pesti- 
cides at two different levels can quantitatively be recov- 
ered with supercritical fluid extraction and analyzed by 
existing methodology. No pesticides were lost from the 
fortified butter fat during the supercritical fluid extrac- 
lion as compared with the results obtained for the forti- 
fied butter fat which was not extracted. 

EXAMPLE 2 

In this example a sample of ground hamburger con- 
taining 41 weight percent moisture and 10.3 weight 
percent fat was analyzed for incurred pesticide residues 
using an organic solvent extraction (PAM Vol. I) and 
supercritical fluid extraction. A supercritical fluid ex- 
traction was conducted utilizing 40 grams of the ground 
hamburger mixed with 10 grams diatomaceous earth 
(Chem Tube-Hydromatrix Material; Analytichem In- 
ternational, Habor City, Calif.) and W grams of the 
ground hamburger previously dried overnight in a 50 
C. forced air oven. The dried hamburger and the ham- 
burger mixed with the diatomaceous earth were loaded 
into extraction columns and extracted by a supercritical 
fluid extraction as in Example 1. The three extracts 
were analyzed for pesticides as in Example I above. 

The results of this example are presented in Table VI 
below. 

TABLE VI 
ANALYSIS OF INCURRED PESTICIDES 

(Hambqert 
(SFE Extracted from Dried Mwcri~l and 

Hydromacrix marcrial) 
Origid Incurred Pakkin in ppm 
AhI~5iS DRIED 

i’cr~icidr @PM HYDROMATRIX MATERIAL 

p.p.DDE 0.05 0.0307 O.WlO 
Melhyl 0.0010 0.0X< o.cOo3 
Chlorpyriror 
Chlorpyriror 0.03X o.KQ4 o.caJ3 
Malathion O.WW ‘o.w~o 0.0026 
DllZlllOl7 o.ooo5 0.0305 o.oaJ3 

The results show that quantitative results can e 
achieved by utilizing either extraction step. The results 
further show that the supercritical fluid extraction of 
the sample mixed with the diatomaceous earth was 
equivalent to the supercritical fluid extraction of the 
dried sample. These results show that the sample mixed 
u Ith the diatomaceous earth can be used in place of the 
lime consuming drying step for fatly samples containing 
moisrurc. 
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EXAMPLE 3 

In this example peanut butter containin 52.3 weight 
percent fat was analyzed for incurred pesticide residues 
using an organic solvent extraction (PAM Vol. 1) and 
supercritical fluid extraction. A supercritical fluid ex- 
traction was conducted utilizing 20 grams of the peanut 
butter mixed with 10 grams diatomaceous earth (Chem 
Tube-Hydromatrix Material: Analytichem Interna- 
tional, Habor City, Calif.). The extracts were analyzed 
for pesticides as in the above examples. 

The results of this example are presented in Table VI1 
below. 

TABLE VII 
API’ALYSIS OF INCURRED PESTICIDES 

-12 

U’eanut Butrcr~ 
(SFE Extracted from Hvdromafrir Maccrirll 

Oripinrl lncurrcd Pcs!icider in ppm 
AlUIysis HYDROMATRIX 

Pesticide @pm) MATERIAL 20 
Penta Cl Benzene OKQF 0.0010 
HCB O.tXXU 0.0334 
Pcnra Cl Anisole 0.07 0.0301 
Quinlorenc o.aKu None Found 
Pen~a Ct Aniline O.W?Cl 0.w I 
Pen~r Cl Thio Anisolc O.COX O.ooO? 
Hcpmchlor Epoaide OOXl6 0.O.M 
Dieldrin O.W30 0.0032 
Chtorpyrifos 0.0070 o.aM 
p.p-DDE 0.0020 0.0021 
Toxrnhene o.izoo 0.0800 

25 

30 
The results show that equivalent results can be 

achieved for the analysis of peanut butter with either 
extraction technique. The results also show that a high 
fat sample with a low moisture content can be extracted 
with supercritical fluid extraction and diatomaceous 
earth. 

EXAMPLE 4 

In this example a ground potato sample containing 
79.8 weight percent water and less than 0.1 gram 
fat/loOg sample was fortified with 13 pesticides. 20 
Grams of the fortified sample were mixed with 10 
grams diatomaceous earth (Chem Tube-Hydromatrix 
Material; Analytichem Internationalt Habor City, 
Calif.) and extracted with supercritical fluid extraction. 45 
The recoveries of the fortified pesticides in the potato 
sample are good and shown in Table VIII below. 

TABLE VIII 
PESTICIDE RECOVERIES FROM POTATOES 

ISFE extracted from Hydromurix mawriall 
Spiking Pcrccnt Recovered 
Level Hydromrlrlx 

Pesticide @Pm) Malcrisl 

Alpha BHC 0.024 90 
Gamma BHC O.WO a2 
Heprachlor 0.040 85 
Chlorpyrifos 0.120 97 
Hepawhlor Epxide 0.080 9: 
Cis Chlorduw o.oso 8B 
Dicldrin 0.120 98 
Endrin 0. I20 99 
Diazinon 0.020 94 

50 

55 

Pesticide 60 (wm) km) 

8 
ceous earth was found to have’ adsorbed 15.96 ml of 
water. There was less than 0.2 grams of water jn the 
fmal extract. 

EXAMPLE 5 

In this example Lettuce (95 weight percent water. 
less than 0.1 weight percent fat), boiled spinach (92 
wei8ht percent water, less than 0.3 weight percent fat), 
and carrots (88 weight percent water, less than 0.2 
weight percent fat) were analyzed for incurred pesti- 
cide residues using an organic solvent extraction and a 
sui;trctiiica3 Buid extraction. Acetone was used in ex- 
tracting 100 grams of each sample (Luke procedure, 
PAM Vol. 1). An aliquot of each sample extract was 
partitioned with methylene chloride, thus extracting 
compounds of interest. Solvent was evaporated to a low 
volume at which time hexane was added and re- 
evaporated to a low volume. The samples were then 
cleaned up on a mini-Florisil co!umn and analyzed for 
pesticide residues by gas chromato8raphy. 

A supercritical fluid extraction was preformed on 20 
grams of each sample after being mixed with I3 grams 
of diatomaceous earth (Chem Tube-Hydromatrix Mate- 
rial; Analytichem International, Habor City, Calif.). 
The supercritical fluid extract was dissolved in acetone 
and cleaned up as described above. 

The incurred residue results obtained from the super- 
critical fluid extracted samples were comparable to the 
results obtained from the organic solvent extraction as 
shown in Tables IX-XI below. 

TABLE IX 
Analysis of Incurred Pesticide Residues 

fLettuce) 

Pesticide 

Methamidophos 
Accphare 
Bctr Mevinphor 
Deme~on-S&Ifone 
Disulforon Sutfone 
DCPA (Dacthal) 
p.p-DDE 
p&-DOT 

Original 
Analysis 

(wd 

O.ooo9 
O.CWO 
o.wso 
0.0100 
0.0340 
O.CO20 
0.0010 
0.0010 

SFE 
Extracted From 

Hydromttrir 
MalCrid 

tpW 

None Found 
0.0020 
0.0340 
O.WBO 
0.0030 
0.0050 
O.WM 
O.CilM 

TABLE X 
Analysis ol Jncurred PcsGcide Residues 

(Boiled Spinach) 

SFE 
E&ted From 

Original Hydromatrir 
Analysis Material 

ChlorpyriTos Mcfhyl 0.040 96 Chlorpyrilos O.Olc0 o.M)70 
Malathion 0.060 8J p.p-DDE o.wso 0.0040 
Ethion 0.060 92 Dieldrin 0.0336 
Phosalonc 0.203 

0.0310 
95 p.p-DOT 0.0020 0.0020 

65 DCPA (Dacthal) 0.0020 o.wso __ 
These results show that high moisture nonfatty sam- 

pies can be easily extracted by supercritical fluid extrac- 
tion without removing the water first. The diatoma- 
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In all cases but one the residues found in the original 
analysis were found in the supercritical fluid extraction. 

The above examples show that the diatomaceous 
earth is a viable extraction enhancer for supercritical 
carbon dioxide extraction and indicate that this extrac- 
tion technique will prove to be advantageous in Future 
applications. The extraction technique of the present 
invention are applicable to a large variety of samples, 
such as foods, biological tissues, fine particulate solids 
such as clays, and others materials. 

Although the present invention has been described 
with reference to particular means. materials and em- 
bodiments, from the foregoing description, one skilled 
in the art can ascertain the essential characteristics of 
the present invention and various changes and modiftca- 
tions may be made to adapt the various uses and charac- 
teristics thereof without departing from the spirit and 
scope of the present invention as described in the claims 
which follow. 

We claim: 
1. A method of preparing a sample for supercritical 

fluid extraction which comprises: 
mixing a sample with an extraction enhancing aid 

which increases the permeability of the sample to a 
supercritical extraction solvent and which adsorbs 40 

water from the sample, said sample comprising a 
solid matrix and said extraction enhancing aid com- 
prising flux-calcined diatomaceous earth; and 

retaining the sample mixed with the extraction en- 45 
hancing aid in an extraction column. 

2. A method of preparing a sample for. supercritical 
fluid extraction according to claim 1, wherein said dia- 
tomaceous earth is in the form of pellets of granules. 

3. A method of preparing a sample for supercritical 50 
fluid extraction according to claim 1, wherein said sam- 
ple comprises a fatty sample. 
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4. A method of preparing a sample for supercritical 

fluid extraction according IO claim 3. w,herein said fatty 
sample comprises a moist fatty sample. 

5. A method of preparing a sample for supercritical 
fluid extraction according to claim 4. wherein said sam- 
ple comprises a food product. 

6. A method of preparing a sample for supercritical 
fluid extraction according IO claim 1, wherein said sam- 
ple comprises a nonfatty sample. 

7. A supercritical extraction process which com- 
prises: 

mixing a sample with an extraction enhancing aid 
which increases ?hr, permcabi!ity of !he sampie io a 
supercritical extraction solvent and which adsorbs 
water from the sample, said sample comprising a 
solid matrix and said extraction enhancing aid com- 
prising flux-calcined diatomaceous earth; 

retaining said sample mixed with said extraction en- 
hancing aid in an extraction column; and 

passing a supercritical fluid through said sample and 
said extraction enhancing aid in said extraction 
column. 

8. A supercritical extraction process according to 
claim 7, wherein said diatomaceous earth is in the form 
of pellets or granules. 

9. A supercritical extraction process according to 
claim 7, wherein said sample comp’rises a fatty sample. 

10. A supercritical extraction process according to 
claim 9, wherein said fatty sample comprises a moist 
fatly sample. 

11. A supercritical extraction process according to 
claim 10, wherein said sample comprises a food prod- 
uct. 

12. A supercritical extraction process according to 
claim 7. wherein said supercritical fluid comprises su- 
percritical carbon dioxide. 

13. A supercritical extraction process according to 
claim 12, wherein said supercritical carbon dioxide is 
passed through said sample and side extraction enhanc- 
ing aid in said extraction column at a pressure of about 
10,ooO psi and a flow rate of about 5 liters per minute. 

14. A supercritical extraction process according to 
claim 13, wherein said extraction column is heated to 
about 80’ C. when said supercritical carbon dioxide is 
passed therethrough. 

1s. A supercritical extraction process according to 
claim 14, wherein extracted components are collected 
at atmospheric pressure. 

16. A supercritical extraction process according to 
claim 7, wherein said sample comprises a nonfatty sam- 
ple. 
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